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Abstract :  We have examined the stability of triangular equilibrium points in Robe’s 
generalized restricted three body problem .The problem is generalised in the sense that more 
massive primary has been taken as an oblate spheroid.We have found the position  of 
triangular equilibrium points .We have obtained variational equations of the problem.With 
the help of characteristic roots, we conclude that triangular points are unstable .Robes’s result 
may be verified from the generalised result. 
 
Introduction : 
   This paper is devoted to the study of location of triangular equilibrium points and its 
linear stability in the Robe's restricted three body problem with perturbation coriolis and 
centrifugal forces and the mass m1 is taken as an oblate spheroid. Robe's Restricted Three 
Body Problem, is new kind of  restricted three body problem in which one of the primaries is 
a rigid spherical shell m1 filled with a homogeneous incompressible fluid of density 1r . The 
second primary is a mass point m2 outside the shell and the third body m3 is a small solid 
sphere of density 3r  inside the shell with the assumption that the mass and radius of m3  
describes a Kaplerian orbit around it. Further, he has discussed the linear stability of the 
equilibrium point for the whole range of parameters occurring in the problem.Later on , 
Shrivastava and Garain (1991) have studied the effect of small perturbations in the coriolis 
and centrifugal forces  on the location of equilibrium points in the Robe's problem. Plastino 
and Plastino (1995) have considered the Robes problem by taking the shape of the fluid body 
as Roche's ellipsoid. They have studies the linear stability of the equilibrium solution too. 
Giordano, Plastino and Plastino (1997) have discussed the effect of drag force on the 
existence and stability of the equilibrium points in Robe's problem. Hallan and Rana 
established that in the Robe's elliptic restricted three body problem there is only one 
equilibrium point while in circular problem there are two, three and infinite number of 
equilibrium points. 
 In this paper we have found the position of triangula r equilibrium points. They lie in 
xz – plane. Also we have examined the stability of triangular equilibrium points. We have 
found the variational equations. The values of second order partial derivatives were found at 
equilibrium points. Then the characteristic equation was obtained. Finally, we conclude that 
triangular equilibrium points are unstable. 
 
 
LOCATION OF TRIANGULAR EQUILIBRIUM POINT :  
 
The equation of motion are  
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Co – ordinates of m1 and m2 are ( )0,0,m-  and ( )0,0,1 m- . The libration points exist when
 0=W=W=W zyx     ie.  
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From first equations of equations (2) and equations (3) we get, 
or ( ) ( ) 01222 =-+++- mm xkxkxn  
 
or
2
2
n
k
x =    we know ( ) 22222 1 zyxr ++-+= m      ( ) [ ]01 22 =+-+= yzx Qm  
Putting the values of x and 
3
1
2 2
÷
ø
ö
ç
è
æ -=
k
r
m
, we get 2
2
2
3
2
1
2
2
z
n
k
k
+÷
ø
ö
ç
è
æ -+=÷
ø
ö
ç
è
æ - m
m  
or 
3
22
2
2
2
1
2
÷
ø
ö
ç
è
æ -+÷
ø
ö
ç
è
æ -+-=
kn
k
z
m
m  
or 
2
1
2
2
3
2
1
2
2 ú
ú
û
ù
ê
ê
ë
é
÷
ø
öç
è
æ -+-÷
ø
öç
è
æ -±= mm
n
k
k
z    ---- (4) 
or ( ) 212121 abz -± =       ---- (5) 
where  3
1
1 2
÷
ø
ö
ç
è
æ -=
k
b
m ,  12
21
-+= m
n
ka  
Hence co -ordinates of triangular equilibrium points are ( ) ( ) ÷
ø
ö
ç
è
æ -±= 2
12
1
2
12
,0,
2
,, ab
n
k
zox , 
provided k < 0, and 02
2
>+ m
n
k , that is in the 
2
2
n
k-m  plane the point ÷
ø
ö
ç
è
æ
2
2
,
n
k
m  lies within 
the triangular region bounded by the lines k = 0,  m = 1, 02
2
=+ m
n
k
. 
STABILITY OF THE TRIANGULAR POINTS : 
 
Equations of motion are  
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Triangular equilibrium points are given by  ( ) ÷
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Let zhx ,, be the small displacements in the equilibrium point ( )000 ,, zyx . Then the third 
body will be displaced to ( )zhx +++ 000 ,, zyx  and the variational equations in linearised 
form are  
 
ï
ï
ï
ï
ï
þ
ïï
ï
ï
ï
ý
ü
W+W+W=
W+W+W=+
W+W+W=-
zhxz
zhxxh
zhxhx
000
000
000
2
2
zzzyzx
yzyyyx
xzxyxx
n
n
&&
&&&
&&&
    ---- (9) 
 
we have, ( )
2
2
1
22
2
2 r
kryx
n m
+-+=W , At the triangular equilibrium points   
( ) ( ) ÷
ø
ö
ç
è
æ -±= 2
12
1
2
12
,,
2
,, abo
n
k
zox  
We have,  ( ) ú
û
ù
ê
ë
é
-++--=W 2
5
2
3
2
20 132 mmm x
rr
knxx , 
  
2
1
12 6 ÷÷
ø
ö
çç
è
æ
-=
b
a
kn , 
2
1
120 6 ÷÷
ø
ö
çç
è
æ
-=W
b
a
knxx        
( )
5
2
0 13
r
yx
xy
-+=W mm  
( )
013
2
2
3
2
=-+÷÷
ø
ö
çç
è
æ
=
r
yx
r
mm
 
 
similarly,  03
5
2
0 ==W yz
r
zy
m
,  00 =W yz , 00 =W yx , 
( )
5
2
0 13
r
zx
xz
-+=W mm  
( )
zx
b
qbqk 0
2
1
2
12
1
2
116 W=--=      
ú
û
ù
ê
ë
é
+--=W
5
2
2
3
2
20 32
r
y
r
knyy
mm ( ) 0222 +---= kkn  
 
20 nyy =W  , 5
2
2
3
2
0 32
r
z
r
kzz
mm
+--=W  , ( )
2
2
2
0 2322
r
z
kkkzz -++-=W  
  
( )
2
1
2
1
2
16
b
ab
k
-
-= , 
( )
2
1
2
1
2
10 6
b
abk
zz
--
=W   
We suppose that  ttt CeandBeAe lll zhx === ,  
Substituting these values in equation (4.3.4) , we get 
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Since  ( )lf  has one change  of sign and ( )l-f  also has one change of sign so there are 
two real roots one is positive and other is negative. 
( )lf  is a polynomial of even degree with real constant term so there are at least two real 
roots one positive and other negative.Hence triangular points are unstable due to one positive 
root of equation (11) .Finally we conclude that triangular equilibrium points are unstable.  
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